Summary Adiantum philippense Linn. (Adiantaceae) is widely distributed in tropical, sub-tropical and warm temperate regions. Mostly apogamous triploid cytotype (2n=90) has been reported frequently from several localities in India. In the recent exploration of A. philippense species complex in Uttar Pradesh, India, the diploid (n=30) and tetraploid (n=60) cytotypes have been found. The morphological characters such as the lamina, pinna, spore size, and stoma were measured and compared. The clear difference was detected in spore size between the two cytotypes.
Adiantum philippense Linn. belongs to the family Adiantaceae and it is well distributed in tropical, subtropical and warm temperate regions. In India about 25 species of Adiantum have been recorded (Dixit 1984 , Chandra 2000 , Borthakur et al. 2001 . Recently, FraserJenkins (2016) has listed 27 taxa of Adiantum of which eight taxa are exotic, naturalized adventives or widely cultivated. About 10 species are reported to be present in South India (Dixit 1984, Manickam and Irudayaraj 1992) . A. philippense is a very commonly species found in Uttar Pradesh, India. The study area in Uttar Pradesh is bounded by Nepal on the north, states of Uttarakhand on the northeast, Himachal Pradesh on the northwest and Bihar on the east. A. philippense is known as a complex cytotypes Fraser-Jenkins 2008, Bir and Verma 2010) . In the present exploration from Uttar Pradesh, India the diploid and tetraploid cytotypes of A. philippense were collected and the intraspecific variation between the cytotypes was brought out.
Materials and methods
For fern cytological study using an acetocarmine squash technique (Manton 1950) , leaves having young sporangia were collected from the field of and observed their chromosome number using a conventional technique. Morphological analyses were carried on characters of lamina, pinna, spore, and sporangia. The herbarium specimens were prepared and deposited at St. Andrew s College Herbarium (SACH), Gorakhpur.
Results and discussion
A. philippense is a common species, widely distributed in the state of Uttar Pradesh and other localities of India. The cytological observation revealed the presence of a sexual diploid (n=30, Fig. 1E ) and tetraploid (n= 60, Fig. 1G In former reports A. philippense known as A. lunulatum Burm.f. from Mussoorie and Dehradun (West Himalaya) reported as an apogamous species (Mehra 1932 (Mehra , 1937 (Mehra , 1944 with chromosome count 2n=88 (Mehra 1944) . The chromosome count is close to several subsequent reports of n=90. Sinha (1961b, 1962) had reported 2n=90 (3x, apogamous) in Parasnath Hills, Bihar as well as Assam and Darjeeling Sinha 1958, 1961a, b) . Somatic chromosome count of a cultivated plant 2n=120 (4x, sexual) has also been reported in Parasnath Hills (Roy and Sinha 1958) . Ghatak (1960 Ghatak ( , 1963 reported apogamy with 2n=90 (3x, apogamous) from West Bengal. Similarly Verma (1960, 1963a, b, c) , Verma and Loyal (1960) , and Sinha (1961a, b, 1962 ) from different localities of India reported mainly triploid apogamous cytotypes. A tetraploid count of n= 60 (4x, sexual) and a morphologically distinct sexual diploid with n=30 in the complex were reported from Darjeeling Himalaya by Verma and Mehra (1961) and Mehra and Verma (1963b) . Diploid apogamous cytotype (n= 60) was reported from W. Himalaya (Khullar and Mehra 1972) . Abraham et al. (1962) revealed the presence of three cytotypes n= 60, 2n=120 (4x, sexual) in Ponmudi Hills, 2n=90 (3x, apogamous) in Kerala, and n=30, 2n= 60 (2x, sexual) in Trivandrum. The sexual diploid and tetraploid cytotypes are rare in distribution (Roy and Sinha1958, 1961a , b, Ghatak 1963 , Mehra and Verma 1963b , c, Khare 1980 , Irudayaraj 1998 , Bir and Irudayaraj 2001 .
The present study was done to bring out the intraspecific complexity of A. philippense complex. The intraspecific variations have been brought out by measurement of several characters and calculating their mean values, variance and standard deviations from ten samples each of two cytotypes (Table 1, Fig. 1 ). The intraspecific cytological complexity has been identified by Verma and Mehra (1961) and Mehra and Verma (1963a, b, c) , who discovered four cytotypes in the Darjeeling area and the Eastern Indo-Himalaya (Verma and FraserJenkins 2008) . There are clear distinction in lamina size, stoma size and spore size (Table 1 ) but on basis of these differences the cytotypes cannot be separated as different cytotypes. For intraspecific delimitation also some of variation should be present. There seems to be clear difference in the spore size between the cytotypes (Table 1) . In Cystopteris the spore size was observed to increase with the increase in the ploidy level (Hagenah 1961) . Wagner (1966) has reported that there were two varieties of spore size in Gymnocarpium dryopteris, a large spore typical in tetraploid and a smaller spore typi- cal in diploid. In our data the stoma size of the tetraploid cytotype was found to be larger than that of the diploid cytotype (Fig. 1L, J) . Irudayaraj et al. (1995) have observed a variation of spore size between the diploid and tetraploid cytotypes and similar stoma size in both cytotypes in Christella parasitica. All the cytotypes were found to be sexual with their sporangia including 64 spores. The spores and sporangia were found to be normal and without any irregularities in their structure. Based on the clear distinction in lamina size, stoma size and spore size in A. philippense intraspecific rank the cytotypes can be assigned because the triploid apogamous cytotype (2n=90) has not been collected from the present studied area. A cytogenetical survey would help to find the triploid apogamous cytotype in other localities from India to assign the intraspecific rank. Based on the already existing triploid counts in other parts of India the intraspecific variations could be assessed but more authenticity will be achieved only when all the three cytotypes are collected together and studied. In conclusion, the species A. philippense is a puzzling chromosomal as well as a reproductive complex which offers a challenge to resolve taxonomic issues, despite some head-way made by Verma and Fraser-Jenkins (2008) .
